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Abstract: It has been hypothesized that intratumoral %thymidylate% synthase 
(TS) gene %expression% might be used to select %therapy% for patients 
with disseminated colorectal %cancer%. We recently reported the results 
of a clinical trial in 46 patients with disseminated or recurrent 
colorectal cancer testing whether expression of TS within the primary 
tumor, as assessed by quantitative polymerase chain reaction (PCR) 
methodology, would predict the responsiveness of that cancer to 
fluoropyrimidine-based therapy. This trial demonstrated that 
intratumoral TS/beta-actin messenger RNA (mRNA) ratio can accurately 
predict which metastatic colorectal tumors wilt be resistant to a 
leucovorin-modulated 5-FU infusion and which have a high likelihood of 
responding to such a regimen. Results of other studies of adjuvant 
therapy in gastric cancer and colorectal cancer also indicated that TS 
expression within the tumor is predictive of response to 5-FU-based 
therapy. It may be possible to use this parameter prospectively to 
decide which patients should receive fluorinated pyrimidine therapy: 
Patients whose tumors express low TS levels would be likely to benefit 
from such therapy, whereas limited preliminary data suggest that 
patients whose tumors express high TS levels may benefit from 
irinotecan (CPT-11 [Camptosar] ) . 
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Journal: CLINICAL CANCER RESEARCH, 1998, V4, N5 (MAY), P1315-1322 
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Abstract: HL-60 cells that stably express transfected wild-type (wt) p53 
were used to determine whether restoration of wt p53 increased the 
chemosensitivity of cells that normally lack p53 activity. The wt p53 
HL-60 transfectants (SN3 cells) were more sensitive than the parental 
(S) cells to a number of common anticancer drugs representing various 
mechanisms of action, whereas HL-60 cells transfected with p53 genes 
mutated at codons 248 and 143 were not sensitized. The sensitization 
ratio due to the transfected wt p53 varied from about 2-fold for 
cisplatin to over 50-fold for thymidine. Cells treated with the 
thymidylate synthase inhibitor 5-f luoro-2 1 -deoxyuridine (FdUrd) were 
used to study changes in various p53-associated gene expressions, A 
higher percentage of apoptotic cells among the SN3 cells was observed 
than among the S cells at each concentration of FdUrd, The S cells had 
undetectable levels of bar and high levels of bcl-2, whereas the SN3 
cells had undetectable levels of bcl-2 levels and appreciable basal 
levels of bar. After FdUrd treatment of SN3 cells, both p53 and bar 
levels increased, but the induction of bar was faster than that of p53 
and paralleled the appearance of apoptotic DNA laddering. FdUrd 
treatment induced p21 expression and increased the G(l) fraction of the 
SN3 cells but did not induce p21 or change the phase distribution in 
the S cells, FdUrd treatment also induced the expression and 
phosphorylation of cyclin Dl in the SN3 cells but not in the S cells. 
These results shown that transfected wt p53 confers multidrug 
sensitivity to HL-60 cells by re-adjustment of the expressions of 
apoptosis genes and displays other properties characteristic of 
endogenously originated wt p53. 
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Abstract: Purpose: It has been observed previously that the pulmonary 

metastases of colorectal adenocarcinoma are less responsive to therapy 
with fluorouracil (FUra) as compared with other sites of metastasis 
(liver, local) . To investigate the basis of this chemoresistance, the 
levels of %thymidylate% synthase (TS) mRNA and protein were measured, 
as TS %expression% has been shown to be predictive of response to 
%therapy% in colorectal %cancer%. 

Materials and Methods: Tumors were obtained from 19 patients with 
metastatic colorectal cancer (12 hepatic and seven pulmonary). TS 
expression was measured by quantitative reverse-transcriptase 
polymerase chain reaction (RT-PCR) and TS protein levels were measured 
by Western blotting. The presence of TS amplification was assessed by 
Southern blotting. Levels of p53 protein were determined using 
immunohistochemistry . 

Results: TS mRNA expression was shown to be significantly higher in 
the pulmonary metastases (mean TS/beta-actin ratio, 19.7; n = 7) as 
compared with the hepatic metastases (mean TS/beta-actin ratio, 4.7; n 
= 11) of colorectal cancer. Lower TS expression was observed in 
patients with hepatic metastases who had received prior FUra versus 
patients who had not been treated. High levels of TS expression in some 
samples was associated with low-level (two to three gene copies) 
increases in TS gene copy numbers and this was observed more frequently 
in the pulmonary metastatic samples. The increased gene copy numbers 
occurred both in samples with wild-type p53 and those with mutant p53 
tumor-suppressor gene as determined by immunohistochemistry. 

Conclusion: High levels of TS enzyme may be the basis of the lack 

of response of pulmonary metastases to FUra treatment. (C) 1998 by 

American Society of Clinical Oncology. 
Identifiers— Keyword Plus (R) : WILD-TYPE P53; DI HYDROFOLATE -REDUCTASE ; 

CANCER; AMPLIFICATION; RESISTANCE; SURVIVAL; QUANTITATION; PREDICTOR; 

CARCINOMA; TUMORS 
Cited References: 

BAAS IO, 1994, V172, P5, J PATHOL 

BELLUCO C, 1996, V14, P2696, J CLIN ONCOL 

BORING CC, 1993, V43, P7 , CA-CANCER J CLIN 

BRADFORD MM, 1976, V72, P248, ANAL BIOCHEM 

DEGREGORI J, 1995, V15, P4215, MOL CELL BIOL 

FAN J, 1997, V14, P1191, ONCOGENE 

GIRARD P, 1996, V14, P2047, J CLIN ONCOL 

GOKER E, 1995, V86, P677, BLOOD 

HORIKOSHI T, 1992, V52, P108, CANCER RES 

HUGHES K, 1989, V69, P340, SURG CLIN N AM 



JOHNSTON PG, 1995, V55, P1407, CANCER RES 
LEICHMAN L, 1995, V31, P1306, EUR J CANCER 
LENZ HJ, 1996, V14, P176, J CLIN ONCOL 
LI WW, 1992, V52, P1434, CANCER RES 
LI WW, 1995, V92, P10436, P NATL ACAD SCI USA 
LIVINGSTONE LR, 1992, V70, P923, CELL 
MCCORMACK PM, 197 9, V22, P553, DIS COLON RECTUM 
MOERTEL CG, 1969, P122, ADV GASTROINTESTINAL 
POON MA, 1989, V7, P1407, J CLIN ONCOL 
RUSTUM YM, 1997, V15, P389, J CLIN ONCOL 
SAMBROOK J, 1989, MOL CLONING LAB MANU 
SOUTHERN EM, 1975, V98, P503, J MOL BIOL 
WEISS L, 1986, V150, P195, J PATHOL 
YIN YX, 1992, V70, P937, CELL 



11/5/4 (Item 4 from file: 34) 

DIALOG(R) File 34 : SciSearch (R) Cited Ref Sci 
(c) 2001 Inst for Sci Info. All rts. reserv. 

05121552 Genuine Article*: BG03K Number of References: 69 
Title: THE ROLE OF THYMIDYLATE SYNTHASE IN CELLULAR- REGULATION 
Author (s) : CHU E; ALLEGRA CJ 

Corporate Source: NCI,USN,MED ONCOL BRANCH / BE T HE S DA/ /MD/2 08 89 
Journal: ADVANCES IN ENZYME REGULATION, 1996, V36, P143-163 
ISSN: 0065-2571 

Language: ENGLISH Document Type: REVIEW 
Geographic Location: USA 
Subfile: ISTP; SciSearch 

Journal Subject Category: BIOCHEMISTRY & MOLECULAR BIOLOGY 
Identifiers—KeyWords Plus: COLON- CANCER- CELLS; TRANSFER-RNA SYNTHETASE; 

TUMOR-SUPPRESSOR GENE; KINASE MESSENGER-RNA; DIHYDROFOLATE-REDUCTASE ; 

ESCHERICHIA-COLI; THYMIDINE KINASE; BINDING-SITE; MOUSE FIBROBLASTS; 

BREAST-CANCER 

Research Fronts: 94-1131 004 (HIGH-DOSE 5-FLUOROURACIL 24-HOUR INFUSION; 

FOLINIC ACID; METASTATIC COLORECTAL -CAR CI NOMA; PHASE-II TRIAL; 

LEUCOVORIN % THERAPY %; HEPATIC ARTERIAL CHEMOTHERAPY) 
94-6279 002 (P53 %TUMOR%-SUPPRESSOR GENE; EXHIBIT NORMAL Gl CELL-CYCLE 

ARREST; POSTTRANSLATIONAL REGULATION) 
94-1893 001 (P53 PROTEIN; %EXPRESSION% IN MALI GNANT -MELANOMA ; 

CARCINOGENESIS OF ESOPHAGEAL SQUAMOUS-CELL CARCINOMA) 
94-5042 001 ( %THYMIDYLATE% SYNTHASE; MOUSE WHEY ACIDIC PROTEIN PROMOTER 

HUMAN GROWTH-HORMONE (MWAP/HGH) TRANSGENIC MICE; HHAL METHYLTRANSFERASE 

FLIPS) 

94-6508 001 (TRANSLATION INITIATION; REGULATION OF EIF-2 ALPHA-SUBUNIT 
PHOSPHORYLATION; S-ADENOSYLMETHIONINE DECARBOXYLASE MESSENGER-RNA; 
5 ' -UNTRANSLATED REGION) 
94-7136 001 (IRON-RESPONSIVE ELEMENT-BINDING PROTEIN; 

POSTTRANSCRI PTIONAL REGULATION; 3 1 UNTRANSLATED REGION; TRANSFERRIN 
RECEPTOR GENE-EXPRESSION) 
Cited References: 

ALEXANDER HR, 1995, VI, P49, CANCER J 

ANDRAKE M, 1988, V85, P7942, P NATL ACAD SCI USA 

AYUSAWA D, 1986, V190, P559, J MOL BIOL 

BASTOW KF, 1984, V22, P15, ADV ENZYME REGUL 

BERNARDI A, 1972, V69, P3033, P NATL ACAD SCI USA 

BERNE MHO, 1986, V16, P237, CANCER CHEMOTH PHARM 

BYSTROFF C, 1991, V30, P2227, BIOCHEMISTRY-US 

CAREY J, 1983, V22, P2601, BIOCHEMISTRY-US 

CHU E, 1993, V32, P4756, BIOCHEMISTRY-US 

CHU E, 1990, V50, P5834, CANCER RES 

CHU E, IN PRESS ADV CANC RE 

CHU E, 1994, V269, P589, J BIOL CHEM 

CHU E, 1994, V14, P207, MOL CELL BIOL 

CHU E, 1995, V15, P179, MOL CELL BIOL 



CHU E, 1991, V39, P136, MOL PHARMACOL 

CHU E, 1993, V43, P527, MOL PHARMACOL 

CHU E, 1995, V36, P3355, P AM ASSOC CANC RES 

CHU E, 1991, V88, P8977, P NATL ACAD SCI USA 

CHU E, 1993, V90, P517, P NATL ACAD SCI USA 

COPUR S, 1995, V49, P1419, BIOCHEM PHARMACOL 

COWAN KH, 1986, V30, P69, MOL PHARMACOL 

CUNNINGHAM D, 1994, VI 3, PI 99, PAM SOC CLIN ONCOL 

DANENBERG KD, 198 9, V36, P219, MOL PHARMACOL 

DANENBERG PV, 1977, V473, P73, BIOCHIM BIOPHYS ACTA 

DAVIES JF, 1990, V29, P9467, BIOCHEMISTRY-US 

DOMIN BA, 1982, V21, P478, MOL PHARMACOL 

FRIEDKIN M, 1957, P609, CHEM BASIS HEREDITY 

GOLD L, 1988, V57, P199, ANN REV BIOCH 

HARDY LW, 1987, V235, P448, SCIENCE 

HARRIS CC, 1993, V329, P1318, NEW ENGL J MED 

HENDERSON BR, 1994, V269, P7481, J BIOL CHEM 

HERSHEY JWB, 1991, V60, P717, ANN REV BIOCH 

ITO M, 1990, V265, P6954, J BIOL CHEM 

JENH CH, 1985, V122, P149, J CELL PHYSIOL 

JOHNSTON PG, 1992, V52, P4306, CANCER RES 

KASTAN MB, 1991, V51, P6304, CANCER RES 

KEYOMARSI K, 1988, V263, P4402, J BIOL CHEM 

KEYOMARSI K, 1993, V268, P5142, J BIOL CHEM 

KLAUSNER RD, 1993, V72, P19, CELL 

KNOFLER M, 1993, V268, P1409, J BIOL CHEM 

KOONTZ SW, 1979, V254, P2277, J BIOL CHEM 

KOZAK M, 1991, V266, P9867, J BIOL CHEM 

LEARY RP, 1975, V250, P4864, J BIOL CHEM 

LERNER MR, 1979, V76, P5495, P NATL ACAD SCI USA 

LEVINE AJ, 1991, V351, P453, NATURE 

MALTZMAN W, 1984, V4, P1689, MOL CELL BIOL 

MELEFORS O, 1993, V15, P85, BIOESSAYS 

MOERTEL CG, 1994, V330, P1136, NEW ENGL J MED 

NAVALGUND LG, 1980, V255, P7386, J BIOL CHEM 

PINEDO HM, 1988, V6, P1653, J CLIN ONCOL 

PLESE PC, 1977, V252, P6139, J BIOL CHEM 

PROKIPCAK RD, V269, P9261, J BIOL CHEM 

ROMAN I UK PJ, 1985, V24, P4239, BIOCHEMISTRY-US 

SANTI DV, 1984, P345, FOLATES PTERINS 

SATOS GA, 1994, V20, Pll, CANC TREATMENT REV 

SHERLEY JL, 1988, V263, P8350, J BIOL CHEM 

SPEARS CP, 1982, V42, P450, CANCER RES 

STARZYK RM, 1982, V298, P136, NATURE 

STEITZ JA, 1989, V180, P468, METHOD ENZYMOL 

SUIMADA Y, 1993, Vll, P909, J CLIN ONCOL 

SWAIN SM, 1989, V7, P890, J CLIN ONCOL 

ULLRICH SJ, 1992, V267, P5259, J BIOL CHEM 

VANDERWILT CL, 1992, V52, P4922, CANCER RES 

VOGELSTEIN B, 1992, V70, P523, CELL 

WASHTIEN WL, 1984, V25, P171, MOL PHARMACOL 

WINTER RB, 1987, V84, P7822, P NATL ACAD SCI USA 

WOLMARK N, 1993, Vll, P1879, J CLIN ONCOL 

YATES JL, 1980, V77, P1837, P NATL ACAD SCI USA 

ZHAN QM, 1993, V13, P4242, MOL CELL BIOL 



11/5/5 (Item 5 from file: 34) 

DIALOG (R) File 34 : SciSearch (R) Cited Ref Sci 
(c) 2001 Inst for Sci Info. All rts. reserv. 

04685417 Genuine Article*: UA994 Number of References: 66 
Title: THE VOLE OF THYMIDYLATE SYNTHASE AS AN RNA- BINDING PROTEIN 
Author (s): CHU E; ALLEGRA CJ 

Corporate Source: USN,NCI,MED ONCOL BRANCH / BET HE S DA/ /MD/2 088 9 



Journal: BIOESSAYS, 1996, V18, N3 (MAR), P191-198 
ISSN: 0265-9247 

Language: ENGLISH Document Type: REVIEW 
Geographic Location: USA 

Subfile: SciSearch; CC LIFE — Current Contents, Life Sciences 
Journal Subject Category: BIOCHEMISTRY & MOLECULAR BIOLOGY 

Abstract: Thymidylate synthase plays a central role in the biosynthesis of 
thymidylate, an essential precursor for DNA biosynthesis, in addition 
to its role in catalysis and cellular metabolism, it is now appreciated 
that thymidylate synthase functions as an RNA binding protein. 
Specifically, thymidylate synthase binds with high affinity to its own 
mRNA, resulting in translational repression. An extensive series of 
experiments has been performed to elucidate the molecular elements 
underlying the interaction between thymidylate synthase and its own 
mRNA. In addition to characterization of the underlying cis- and 
trans-acting elements, recent studies have shown that thymidylate 
synthase has the capacity to bind specifically to other cellular RNA 
species. While the biological significance of these other 
RNA/thymidylate synthase interactions remains to be defined, this work 
suggests a potential role for TS in coordinately regulating several 
critical aspects of cellular metabolism. 
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RNA of blast cells from 54 children with untreated ALL were examined by 
dot blot hybridization. We found a significant positive correlation 
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Thymidylate synthase (TS) is a key enzyme in the synthesis of DNA and a 
target for cancer chemotherapeutic agents. Antisense TS nucleic acids may 
be useful in enhancing anticancer drug effectiveness. MCF-7 and HeLa cells 
were transfected with vectors expressing antisense TS RNA or with antisense 
oligodeoxynucleotides (AS-ODNs) to different TS mRNA regions. Antisense 
RNAs were targeted to 30 bases of the TS mRNA including part of the stem 
loop at the translation start site and to 30 bases spanning the exonl/exon2 
boundary. AS-ODNs were targeted to the translation start site and the 
translation stop site. Antisense nucleic acids complementary to the 
translation start site (and not the exonl/exon2 boundary or translation 
stop site) significantly enhanced constitutive TS gene transcription. 
Therefore, TS mRNA sequences appear to be involved in a novel pathway 
controlling TS gene transcription. Induced transcription could hinder 
antisense-based attempts to inhibit TS and must be considered when 
designing such strategies. Copyright 1998 Academic Press. 
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•parameters and 5-f luorouracil sensitivity. 
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Six human cancer cell lines exhibiting a large range of sensitivity to 
5-f luorouracil (5-FU) were evaluated for thymidylate synthase (TS) and p53 
gene expression, TS and dihydropyrimidine dehydrogenase (DPD) activity, as 
well as cell cycle parameters, S-phase fraction (SPF) , bromodeoxyuridine 
labelling index (LI) and S-phase duration (SPD) . All these parameters were 
investigated for 7 days in asynchronously growing cell populations and 
compared with the cell sensitivity to 5-FU. No significant correlation was 
found between S-phase parameters and TS gene expression and/or activity. TS 
activity was higher in proliferating cells; however, it was not 
significantly higher in rapidly growing cell lines with short SPD. Neither 
TS gene expression nor activity was found to correlate with 5-FU 
sensitivity. On the another hand, a statistically significant correlation 
(P < 0.0001) was observed between LI and SPD and 5-FU sensitivity. The 
present results suggest that cell cycle parameters such as SPD and/or LI 
could be better parameters for 5-FU sensitivity prediction than TS gene 
expression and/or activity. This could be especially informative in cases 
of concomitant radio-chemotherapy as S-phase parameters are already 
proposed for hyperf ractionated radiotherapy planning. 
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To explore the determinants of cytotoxicity during prolonged exposure to 
pharmacologically relevant concentrations of 5-f luorouracil (FUra), we 
studied the effects of FUra at concentrations ranging from 0.1 to 1 microM 
in HCT 116 and HT 29 colon cancer cells grown in the presence of 
physiologic levels of leucovorin. A 5- and 7-day exposure to 1 microM FUra 



reduced cell growth to 46% and 20% of control in HT 29 cells and to 74% and 
38% of control in HCT 116 cells. Concurrent exposure to thymidine (10 or 20 
microM) or uridine (1 mM) provided partial protection against FUra toxicity 
in HT 29 cells, but did not protect HCT 116 cells. After a 24-h exposure to 
1 microM [3H]FUra, free 5-f luoro-2 ' -deoxyuridine-5 1 -monophosphate (FdUMP) 
and FUDP. + FUTP levels were 0.7 and 144 pmol/10(6) cells in HT 29 cells, 
respectively, and 3.9 and 178 pmol/10(6) cells in HCT 116 cells. FdUMP and 
FUDP + FUTP pools increased by 5.7- and 2.0-fold in HT 29 cells and by 1.7- 
and 3.3-fold in HCT 116 cells over the next 48 h, but did not accumulate 
thereafter. After a 24-h exposure to 1 microM [3H]FUra, FUra-RNA levels 
were 158 and 280 fmol /microgram in HT 29 and HCT 116 cells, respectively; 
FUra-RNA levels increased over time, and reached 700 and 1156 
fmol/microgram at day 5. Concurrent exposure to 1 mM uridine for 72 h did 
not diminish [3H] FUra-RNA incorporation. Upon removal of [3H]FUra following 
a 24-h exposure, FUra-RNA levels remained relatively stable with 57-78% 
retained at 120 h. A low level of [ 3H] FUra-DNA incorporation was detected 
in HT 29 cells. Thymidylate synthase (TS) catalytic activity in control 
cells was 2-fold higher in HCT 116 cells compared to HT 29 cells (47 vs. 23 
pmol/min/mg) . Total TS content increased 1.5- to 3-fold over control in 
both cell lines during FUra exposure, and ternary complex formation was 
evident for up to 96 h-dTTP pools were not depleted in FUra-treated cells, 
suggesting that residual TS catalytic activity was sufficient to maintain 
dTTP pools relative to demand. Surprisingly, the partial inhibition of TS 
was accompanied by a striking accumulation of immunoreactive "dUMP" pools 
in both lines; dUTP pools also increased 2-to 3-fold. In summary, the 
gradual and stable accumulation of FUra in RNA noted in both lines may 
account for the thymidine-insensitive component of FUra toxicity. Because 
dTTP pools were not appreciably diminished, the interference with nascent 
DNA chain elongation and induction of single-strand breaks in newly 
synthesized DNA in both cell lines may be due to misincorporation of 
deoxyuridine nucleotides. 
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Two cDNA clones representing rat hepatoma thymidylate synthase (rTS) were 
isolated from a lambda ZAP II cDNA library using as a probe a fragment of 
the human TS cDNA. The two were identical except that one was missing 50 bp 
and the other 23 bp corresponding to the 5 f coding region of the protein. 
The missing region was obtained by screening a rat genomic library. The 
open reading frame of rTS cDNA encoded 921 bp encompassing a protein of 307 
amino acids with a calculated molecular mass of 35,015 Da. Rat hepatoma TS 
appears identical to normal rat thymus TS and the two sequences differ from 
mouse TS in the same eight amino acid residues. Six of these differences 
are in the first 21 amino acids from the amino-end. The human enzyme 
differed from rat and mouse TS at 17 residues where the latter two were 
identical, with most changes being conservative in nature. The three 
species differed completely at only four sites. Because the mouse TS shares 
four amino acids with human TS at sites which differ from rTS and a 
comparable situation does not exist between rTS and human TS, it is 
suggested that mouse TS is closer to human TS phylogenetically than rTS. 
The polymerase chain reaction was used to subclone the protein coding 
region of rTS into a high expression vector, which expressed rTS in 
Escherichia coli to the extent of 10 to 20% of its cellular protein. 
Although the amino-end of the amplified TS was unblocked, that isolated 
from a FUdR-resistant rat hepatoma cell line contained mostly 
N-acetylmethionine on its N-terminal end, a finding that may have 
significant regulatory consequences, which are discussed. The TS level in 
the resistant cell line was 60 to 70-fold higher than normal which was 
found to be associated with both multiple gene copies and an expanded TS 
mRNA pool . 
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This report concerns the utility of the reverse transcription-polymerase 
chain reaction (RT-PCR) and quantitative PCR (QPCR) assay to detect the 
%drug%-resistance of related genes. The expression of some %drug% 
-resistance genes was compared with the sensitivity and resistance-acquired 
%cancer% cell lines to anti-%cancer% drugs by Northern blot analysis and 
PCR assay. The resistance cell lines exhibited an enhanced %expression% of 



multi-%drug% resistance (MDR-1) , % thymidylate% synthase (TS) , c-fos and DNA 
polymerase beta genes. Then these genes that %expressed% mRNA were 
quantitated using RT-PCR. The expression of the genes was dependent on 
their sensitivity (IC50) to anti-%cancer% drugs. Additionally, the QPCR 
assay has been developed as a rapid method for the expression of %drug% 
-resistance genes and applied to the PCR products amplified by the RT-PCR. 
Thus the QPCR assay for the expression of genes will allow rapid detection 
of the drug-resistance to chemotherapy in human cancers. 
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The effects of fluorouracil (5-FU) and interf eron-gamma (IFN-gamma) on 
the regulation of thymidylate synthase (TS) gene expression were 
investigated in the human colon cancer H630 cell line. By Western 
immunoblot analysis, TS protein levels in H630 cells were increased 3-, 
5.5-, 5 _ 7 an d 2.5-fold after 8-, 16-, 24-, and 36-hr exposure to 1 microM 
5-FU, respectively. When H630 cells were exposed to varying concentrations 
of 5-FU (0.3-10 microM) for 24 hr, increases in TS protein up to 5.5-fold 
were observed. A 24-hr exposure to 1 microM 5-FU resulted in a 4.5-fold 
increase in the level of TS protein, whereas in 5-FU/IFN-gamma-treated 
cells TS protein was increased by only 1.8-fold, compared with control 
cells. IFN-gamma treatment alone did not affect TS protein levels, relative 
to control. Northern blot analysis revealed no changes in TS mRNA levels 
when H630 cells were exposed either to 1 microM 5-FU for 8-36 hr, to 
varying concentrations of 5-FU (0.3-10 microM) for 24 hr, or to the 
combination of 5-FU and IFN-gamma. Pulse-labeling studies with 
[35S]methionine demonstrated a 3.5-fold increase in net synthesis of TS in 
cells treated with 1 microM 5-FU, whereas the level of newly synthesized TS 
increased only 1.5-fold in cells treated with 5-FU/ I FN- gamma, compared with 
control cells. Pulse-chase studies revealed that the half-lives of TS 
protein in control and 5-FU-treated cells were equivalent. These findings 
demonstrate that the increase in TS protein after 5-FU exposure and the 
subsequent inhibitory effect of IFN-gamma on TS protein expression are both 
regulated at the post-transcriptional level. 
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Research efforts over the past year further elucidate the determinants of 
sensitivity and mechanisms of resistance to the antimetabolites 
fluorouracil, methotrexate, and cytarabine. Progress has been made in 
clarifying the complex regulation of target enzyme %expression% for these 
antimetabolites. Advances in analytical methodology should facilitate 
quantitation of %thymidylate% synthase content in %tumor% tissue prior to 
and following f luorouracil-based %therapy% . Information concerning the 
basis for certain %drug% interactions may guide rational dose rates and 
schedules for clinical trials. A better understanding of the clinical 
pharmacology of these agents has suggested strategies to minimize their 
toxicity while maintaining therapeutic activity. (77 Refs.) 
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A polymerase chain reaction (PCR) -based method was used to quantitate 
the expression levels of low abundance genes relevant to cancer %drug% 
activity. RNA from %tumor% samples as small as 20 mg was isolated and 
converted to cDNA using random hexamers . We measured the relative 
%expressions% of %thymidylate% synthase, dihydrof olate reductase, and 
DT-diaphorase in a number of clinical %tumor% samples. Those tumors with 
the lowest % thymidylate! synthase %expression% had the best response to 
both the 5-f luorouracil-leucovorin and 5-f luorouracil-cisplatin 
combinations . 
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Purpose: We have reported previously that the expression of E. coli 
dUTPase (dutE) can protect HT2 9 cells from 5-f luorodeoxyuridine 
(FdUrd) -induced DNA fragmentation and cytotoxicity. In the study reported 
here. we further characterized the ability of dutE expression in one HT29 
clone, dutE7. to alter the effects of treatment with FdUrd and other 
thymidylate synthase (TS) inhibitors. In addition, we developed two HuTu80 
dutE-expressing clones using a pLNCX-dutE retroviral construct and tested 
their sensitivity to FdUrd-induced DNA fragmentation and cytotoxicity. 
Methods: Both a dutE retroviral expression system and a dutE antibody were 
developed to facilitate the generation and screening of dutE-expressing 
clones. HT29 and HuTu80 clones expressing dutE were tested for drug-induced 
DNA damage with either alkaline elution or pulsed field gel electrophoresis 
and drug-induced loss of clonogenicity . Results: Following a 24-h treatment 
with 100 mu M CB3717 or 500 n M methotrexate (MTX) , dutE7 cells were 
significantly less sensitive to drug-induced loss of clonogenicity than 
con3 cells. DutE7 cells were also resistant to CB3717-induced DNA 
fragmentation at 24 h. However, following a 48-h treatment with CB3717 or 
MTX there was no difference in survival between con3 and dutE7 cells, even 
though DNA damage was still greatly attenuated in the dutE7 cell line. In 
addition, expression of dutE in two HuTu80 clones, 80 C and 80 K, did not 
protect these cells from FdUrd-induced DNA damage or cytotoxicity. 
Conclusions: We conclude that the role of uracil misincorporation and 
subsequent DNA damage in cytotoxicity induced by TS inhibitors, in HT29 
cells, is time dependent, and that cytotoxicity caused by long-term 
exposure to these drugs is largely independent of resultant DNA damage, in 
this cell line. The inability of dutE to protect HuTu80 cells from FdUrd 
further suggests that the significance of uracil misincorporation resulting 
from TS inhibition varies among cell lines. 
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Hydrolases; Enzyme; Methyltransf erases; Transferases; Appareil digestif 
pathologie; Intestin pathologie; Colon pathologie; Hydrolases; Enzyme; 
Methyltransferases; Transferases; Aparato digestivo patologia; Intestino 
patologia; Colon patologia; Hydrolases; Enzima; Methyltransferases; 
Transferases 

French Descriptors: Mecanisme action; Activite biologique; Fluorouracil; 
Cytotoxicite; Homme; Tumeur maligne; Colon; Lignee cellulaire etablie; 
Cellule tumorale; In vitro; Anticancereux; Chimiotherapie; Uracile; 
Resistance traitement; Produit gene; Fluoropyrimidine derive; Expression 
genique; dUTP pyrophosphatase; Thymidylate synthase; Lignee HT29 
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Thymidine phosphorylase moderates thymidine-dependent rescue after 
exposure to the thymidylate synthase inhibitor ZD1694 (Tomudex) in vitro 
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The inhibition of de novo thymidine (dThd) synthesis by the novel 
folate-based thymidylate synthase (TS) inhibitor ZD1694 (Tomudex) can 
achieve tumor cell-specific cytotoxicity in vivo. However, nucleosides in 
the surrounding microenvironment of tumors may be used by the salvage 
pathway to regenerate any depleted pools, thus providing an efficient 
mechanism through which to circumvent the ZD1694-dependent toxicity. 
Anabolism of dThd to dTMP by dThd kinase (TK) is the first committed step 
in the dThd salvage pathway. However, dThd phosphorylase (dThdPase) can 
compete with TK by catalyzing the reversible phosphorolytic cleavage of 
dThd to thymine and deoxyribose 1-phosphate and rendering the salvaged dThd 
metabolically unavailable. Both TK and dThdPase are up-regulated in some 
tumors, and their relative importance is not fully defined. We have studied 
the influence of dThdPase expression on the capacity of exogenous dThd to 
reverse ZD1694-dependent growth inhibition and have shown that both intra- 
and extracellular dThdPase activity can effectively moderate dThd-rescue. 
This suggests that tumor levels of dThdPase may be an important factor in 
the outcome of ZD1694 therapy. 
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reaction; Human; Female; %Thymidylate% synthase; Thymidine kinase; 
Thymidine phosphorylase 
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Methyltransferases; Transferases; Enzima; Tumor maligno; Glandula mamaria 
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Thymidine phosphorylase; Tomudex; ZD 1694; Lignee MCF7 
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Variable expression of RFC1 in human leukemia cell lines resistant to 
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The resistance to folate-based antifolates is associated with impaired 
function of the reduced folate carrier (RFC) , one of the major routes of 
folate transport into cancer cells. To clarify the importance of RFC 
functions in the antifolate resistance, we have examined the expression of 
RFCI and its phenotype as a folate transporter in human leukemia cell lines 
resistant to various antifolates. MOLT-3 cells resistant to ZD9331 (a 
thymidylate synthase (TS) inhibitor that utilizes the RFC for cell entry) 
(MOLT-3/ZD9331) showed decreased expression of RFCI concomitant with 
diminished cellular uptake of ( SUP 3 H) methotrexate (MTX) . K562 cells 
resistant to raltitrexed (ZD1694, another TS inhibitor that utilizes the 
RFC for cell entry) (K562/ ZD1694.C) scarcely expressed RFCI, which is in 
accordance with the impaired uptake of folate analogs and the high degree 
of resistance to ZD1694 and MTX. On the other hand, no apparent decrease of 
RFCI expression was found in transport-deficient MTX-resistant MOLT-3 cells 
(MOLT-3/MTX SUB 1 SUB 0 SUB 0 SUB 0 SUB 0 ) though its phenotype showed 
defective transport of MTX or ZD1694. In these cell lines with impaired RFC 
function, ( SUP 3 H) leucovorin (LV) uptake was only moderately decreased as 
compared to ( SUP 3 H) MTX or ( SUP 3 H)ZD1694 uptake. These cells grew with 
a minimal retardation in folate-free medium supplemented with 10 nM LV, 
suggesting that these cell lines with impaired RFC function had enough 
folate transporters to transport LV. In contrast to downregulation of RFC, 
the much greater uptake of ( SUP 3 H) MTX was observed in the MOLT-3/ 
trimetrexate (TMQ) SUB 8 SUB 0 SUB 0 -MTX SUB 1 SUB 0 SUB 0 SUB 0 SUB 0 in 
parallel with increased RFCI expression. These cell lines with the altered 
expression of RFCI may serve as models useful for investigating the 
regulation of RFCI expression and for understanding the molecular 
mechanism(s) behind the transport-mediated antifolate resistance. 
English Descriptors: Calcium folinate; Trimetrexate; Methotrexate; Leukemia 
; Human; Established cell line; %Tumor% cell; In vitro; Negative 
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ZD9331 is a non-polyglutamatable, potent quinazoline antifolate inhibitor 
of thymidylate synthase (TS) . In an effort to clarify the exact mechanism 
of resistance to this novel TS inhibitor, we examined the molecular 
alterations in its target enzyme TS, the transport protein (reduced folate 
carrier, RFC), and f olylpolyglutamate synthetase (FPGS) in a human acute 
lymphoblastic leukemia cell line, MOLT-3, made resistant to ZD9331. A 
310-fold resistant sublime was established after 6 months exposure to the 
drug at concentrations up to 7 mu M, and was designated MOLT-3/ ZD9331. 
MOLT-3/ZD9331 showed crossresistance to CB3717 (4.8-fold), raltitrexed 
(63-fold) and methotrexate (MTX) (120-fold), but retained sensitivity to 
trimetrexate (0.88-fold). The resistant cells demonstrated impaired initial 
cellular uptake and low accumulation of ( SUP 3 H) MTX in accordance with a 
decreased expression of RFC1, suggesting the downregulation of RFC. 
However, Southern blot analysis demonstrated no change in gene copy number 
nor gross rearrangement of RFC1 in the resistant cells. In addition, 
MOLT-3/ZD9331 showed amplification of the TS gene with a concomitantly 
increased level in the gene expression. In contrast, the expression of FPGS 
did not alter. These results 
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p53 point mutations and thymidylate synthase messenger RNA levels in 
disseminated colorectal cancer : An analysis of response and survival 
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English Descriptors: Malignant %tumor%; Colon; Rectum; Disseminated; Point 
mutation; TP53 Gene; %Thymidylate% synthase; Messenger RNA; Gene 
%expression%; Fluorouracil; Antineoplastic agent; Negative % therapeutic^ 
reaction; Treatment; Chemotherapy; Treatment efficiency; Survival; Human; 
Fluoropyrimidine derivatives 
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A polymerase chain reaction (PCR) -based method was used to quantitate the 
expression levels of low abundance genes relevant to cancer drug activity. 
RNA from tumor samples as small as 20 mg was isolated and converted to cDNA 
using random hexamers. The 5 1 primers for the PCR contained a T7 polymerase 
promoter sequence, allowing the PCR-amplif ied DNA to be transcribed to RNA 
fragments. In each sample, the linear ranges of amplif cation of each cDNA 
of interest were established 
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ABSTRACT: This report concerns the utility of the reverse 

transcription-polymerase chain reaction (RT-PCR) and quantitative 
PCR(QPCR) assay to detect the %drug%-resistance of related genes. The 
expression of some %drug%-resistance genes was compared with the 



sensitivity and resistance-acquired %cancer% cell lines to anti- 
%cancer% drugs by Northern blot analysis and PCR assay. The resistance 
cell lines exhibited an enhanced %expression% of multi-%drug% 
resistance (MDR-1) , %thymidylate% synthase (TS ) , c-fos and DNA polymerase 
. BETA, genes. Then these genes that %expressed% mRNA were quantitated 
using RT-PCR. The expression of the genes was dependent on their 
sensitivity (IC50) to anti-%cancer% drugs. Additionally, the QPCR assay 
has been developed as a rapid method for the expression of %drug% 
-resistance genes and applied to the PCR products amplified by the 
RT-PCR. Thus the QPCR assay for the expression of genes will allow 
rapid detection of the drug-resistance to chemotherapy in human 
cancers, (author abst.) 
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